Summary 1) Out of 160 primary meningeal tumors surgically treated, 10 cases had histologically malignant tumors. Of them two cases of sarcoma and one case of meningioma with marked invasiveness were filed in malignant (sarcoma) group, and six cases of angioblastic meningioma of hemangiopericytoma type and one case of meningioma with partial invasiveness in semi malignant group. 2) Average duration of symptoms before admission was 3.2 months in the malignant group, 13.6 months in the semimalignant group and 28.5 months in the benign meningioma group. Incidences of papilledema was seen in 80% of the malignant and semi malignant groups and 58.5 % in the benign meningioma group. 3) Plain skull X-ray films did not reveal a marked osteoplastic change of the skull related to the tumor in the malignant and semi malignant groups. Lytic or destructive changes of the skull at the tumor site were noted in two cases. 4) An angiographic characteristic of meningeal tumors with malignancy was in most cases a marked blood supply from the intracerebral arteries into the tumor. 5) Of nine cases of postoperative survivals, recurrence occurred in three cases and probable recurrence in one other case, all of which were of angioblastic meningioma. 6) Irradiation resulted in some clinical improvements in two cases of angioblastic meningioma, but it was not curative after all. 7) Complete surgical excision was the best method for the prognosis of meningeal tumors with malignancy. If neuroradiological findings suggest a meningeal tumor with malignancy, surgical tactics should be radical in its true sense.
Introduction
Most of tumors arising in the meninges are benign meningiomas, but a few malignant tumors also occur from the meninges. This malignancy is manifested by rapid growth, invasiveness into the neural parenchyma or remote metastasis in or outside the neuraxis. spinal and intraorbital tumors were also included. All the 10 cases were surgical and the tumors were found to be primary at the site or assumed to be so from postoperative observa tions. In this paper, highly malignant tumors are called sarcoma or sarcomatous meningioma and the meningioma with malignant tendencies are called semimalignant meningioma.
Histo-pathological criteria for the two groups are as follows; Sarcoma is a malignant mesen chymal tumor of various kinds, i.e. fibro sarcoma, malignant lymphoma etc. If a tumor extensively invades the brain and still sustains some characteristics of meningioma, the tumor is called sarcomatous meningioma and is ranked as an equivalent of sarcoma. Semimalignant meningioma is characterized by being well circumscribed with no more than minimal invasion into the adjacent neural parenchyma, increased cellularity, increased mitotic activi ties, cellular pleomorphism and occasional necrotic foci. The semimalignant meningioma group includes meningotheliomatous menin gioma, fibroblastic meningioma and angio blastic meningioma indistinguishable from hemangiopericytoma. Results 
Macroscopic and Microscopic Features of Tumors
According to the criteria mentioned above, cases are listed in Table 1 . The cases are briefly described below.
Case 1. (N-104-62) This case is peculiar in
that an infiltrative but still grossly nodular tumor arising in the cerebellar tentorium on the right extended into both the temporal lobe and the cerebellar hemisphere. Microscopically the tumor was a malignant lymphoma of retic ulum cell sarcoma type with numerous mitotic figures ( Fig. 1, 2 ). The patient is alive without signs of recurrence 13 years after surgery followed by Cobalt-irradiation, and the tumor is now considered to have been primary at the site. Case 2. (NS701406) The tumor was of a type of convexity meningioma in the left sylvian fissure of a boy aged one year and nine months. Dilated branches of the middle meningeal artery concentrated on the so-called "hilus" of the tumor. A fairly large cystic cavity was present in the tumor. Microscopically the tumor was an undifferentiated round cell sarcoma with a tendency of phagocytic activities, and invaded the brain without demarcation. Mitoses of the tumor cells were numerous.
Case 3. (NS701008) The tumor was a con vexity meningioma near the frontal pole. The tumor invaded the brain and the impression at operation was that of a metastatic carcinoma. Microscopically the tumor was highly invasive against the brain and small islands of neural tissue remained irregularly in the proliferating tumor tissue (Fig. 3) . However, rather typical meningotheliomatous parts were also present in the same tumor (Fig. 4) . Because of the marked invasiveness, the tumor was diagnosed as sarcomatous meningioma.
Cases 4 to 10 were filed in the semimalignant group. Of seven cases, six were classified as angioblastic meningioma. The tumors were almost always sharply demarcated from the brain, but occasionally contained necrotic foci and cystic cavitations. Microscopically the tumors were very cellular and contained well developed characteristic vascular channels in most parts of the tumors (Fig. 5) . However, in some parts the vascular channels were collapsed by compact proliferation of the tumor cells. The tumor cells always proliferated outside a thin layer of endothelial cells and mitoses of the tumor cells were generally increased. Reticulin fibers were abundant in most parts and the vascular channels were more pronounced by reticulin stain (Fig. 6) . No definite meningo theliomatous cell nests were found in these tumors.
Case 10 (NS740174) The tumor was a con vexity meningioma in the left frontal lobe, accompanying a mild thickening of the inner table of the skull over the hilus of the tumor. At operation the tumor was well demarcated from the brain but the pial vessels communi cated much more with the tumor vessels than in usual meningiomas. Microscopically the tumor contained scattered necrotic foci, and a part of the tumor showed a tendency of invasion into the brain losing encapsulation (Fig. 7) . The tumor was composed of lobulated cell clusters retaining meningotheliomatous char acteristics, and a few psammoma bodies were present. Tumor cells were pleomorphic, and mitotic figures were scattered (Fig. 8) . Increased engorged vessels and numbers of reactive astrocytes were pronounced in the brain adjacent to the tumor invasion. The tumor was classified as a semimalignant meningioma of meningotheliomatous type. 2) Signs and Symptoms Signs and symptoms, largely dependent on the site and size of the tumor, were not par ticularly compared with those of usual menin giomas. However, speed of tumor growth were noted with attention. The average duration of symptoms before admission was 3.2 months in sarcoma group and 13.6 months in semi malignant meningioma group (Table 2) . Since the lesions in these 10 cases were all intracranial, the results were compared with those of the benign intracranial meningiomas in our series. The average duration of symptoms was 28.5 months in 130 benign intracranial menin giomas.
Incidence of papilledema was reviewed in each group and compared (Table 2 ). In the malignant and semimalignant groups, papil ledema was seen in eight cases and optic atrophy in one case out of 10. Benign intracranial meningiomas of our series showed 76 cases of papilledema and 13 cases of optic atrophy out of 130. The incidences of papilledema was 80 in the malignant and semimalignant groups and 58.5 % in the benign group. 
3) Radiological Features a) Plain skull X-ray films
In six cases the tumors were in contact with the cranial vault (Table 3) . A mild thickening of the skull over the hilus of the tumor was noted in one case of meningotheliomatous meningioma (Case 10). In a case of undiffer entiated sarcoma in the sylvian fissure (Case 2), surgery revealed a minimal thickening of the skull over the hilus of the tumor, which was not discernible in X-ray films. In the angioblastic meningiomas of hemangiopericytoma type, Case 4 (sellar tumor) revealed a ballooning of the sella without neighboring osteoplastic changes and Case 5 (parasagittal tumor) revealed a worm-eaten defect of the inner table of the skull over the hilus of the tumor. Erosion of the sella was noted in two cases (Case 3, 8).
There was no case, in which marked osteo plastic changes of the skull related to the tumor were found in plain X-ray films. b) Angiographic features All of the 10 cases were submitted to angio graphic examination by direct puncture of the common carotid artery or by Seldinger's transfemoral technique. The angiographic find ings were characterized in most cases by a marked increase of blood supply from the branches of the intracerebral arteries into the tumor (Table 3 ). Some typical cases are shown in Figs. 9-14. In Case 8 (angioblastic meningioma), the tumor was being fed by many small branches of the posterior cerebral artery, which formed a nodular stain in the venous phase (Figs. 9, 10 ). In Case 7 (angioblastic meningioma), a selective angiography revealed a feeding from the posterior cerebral artery showing a vascular net-work in the arterial phase (Fig. 11 ) and a well circumscribed tumor stain in the venous phase. In addition, a feeding from the posterior meningeal artery was also noted (Fig. 12) . In Case 10 (meningotheliomatous meningioma), the main feeding artery was the fronto-polar artery, which gave rise to an irregular tumor stain (Fig. 13) . The menigeal arteries on the same side were not particularly developed. However, an abnormally developed anterior falx artery on the opposite side was seen ap proaching the hilus of the tumor (Fig. 14) .
In six cases out of 10, the main feeding arteries were intracerebral arteries, such as the anterior cerebral, middle cerebral, posterior cerebral or superior cerebellar arteries (Table  3) . Such a marked feeding from the intra cerebral arteries without definite participation of the meningeal vessels yielded in some cases suspicion of malignant glioma or metastatic tumor as the preoperative diagnosis. In two cases main feeding artery was the meningeal artery (Cases 2, 6). From the diverse results, it is difficult to draw a conclusion, but it may be true that most of malignant and semi malignant meningeal tumors receive more blood supply from the intracerebral arteries than benign meningiomas. 
4) Treatment and Outcome
All of the cases underwent removal of the tumor and in seven cases the removal was considered macroscopically total (Table 4 ). In cases of sellar and tentorial tumors, the removal had to be restricted. Postoperative irradiation was performed in seven cases out of nine postoperative survivals. Recurrence occurred in three cases and probable recurrence in another, all of which were of angioblastic meningioma of hemangiopericytoma type. The postoperative period, at which time the recur rence became evident, was one year and eight months, four years and seven months, and five years respectively and four years and six months in the probable recurrent case. There was no case of remote metastasis or dis semination of the tumor. Two cases of recurrent angioblastic meningioma are described below.
In Case 4 (NS640064), a 30-year-old house wife was admitted with loss of vision (Vd = light sense, Vs = count of fingers 30 cm), bitemporal hemianopsia, bilateral optic atrophy, obesity and amenorrhea of four years' dura tion. A sellar tumor was partially removed by surgery. On the 24th postoperative day the bitemporal hemianopsia was still noted, but 90 days after postoperative Cobalt-irradiation of 5,000 rads, the visual field was almost full and the visual acuity was Vd = 1.0, Vs = 1.0. Five years after the operation decrease of visual acuity (Vd = 0.9, Vs =count of fingers 30 cm) and narrowing of the visual fields returned and a recurrent tumor was partially removed and irradiated. The visual acuity improved to Vd = 1.2, Vs = 0.04. One year and five months after the second operation visual problems * received reoperation for recurrence three times ** received total removal for recurrence 1 .8 years after the first operation *** numbers of course of irradiation for the tumor reappeared and progressed rapidly. Another partial removal was performed one year and seven months after the second operation and postoperative irradiation was repeated. The right visual acuity improved from light sense to 0.9 but the left did not. Mental confusion appeared one year and three months after the third operation and a huge regrowth of the tumor was subtotally removed at the fourth operation. Postoperative irradiation was not performed this time. She had been fixed to bed since the fourth operation until she died eight months later. The course from the first opera tion to death was nine years. Surgical speci mens obtained at each of the repeated opera tions showed no changes in its basic archi tecture, but the mitotic activities of the tumor cells seemed to increase as the surgery was repeated.
In Case 8 (N-23-66), a 36-year-old man was admitted with papilledema, bilateral decreased hearing, discoordination and imbalance in equilibrium. A tentorial meningioma extending beneath the straight sinus was removed. There was neither clinical sign nor radiological find ing suggesting a supratentorial extension of the tumor. After Cobalt-irradiation of 6,000 rads visual acuity was Vd = 0.06, Vs = 0.5. Four years and seven months after operation he developed decrease of visual acuity (Vd = movement of hand 50 cm, Vs=0.1) and nasal hemianopsia of the right eye. Cerebral angio graphy revealed a huge vascular tumor extend ing bilaterally in the temporo-occipital region (Figs. 9, 10) , and another Cobalt-irradiation Jellinger et al. 13 , analysing their vast series of meningioma, pointed out a biological malig nant trend of atypical (malignant) meningiomas and angioblastic meningiomas of hemangio pericytoma type resulting in more rapid and more frequent recurrence than those of other subtypes of meningioma. Regarding malig nancy of the meningeal tumors, further grading of malignancy should be beneficial. The term "malignant meningioma of low grade and of high grade" were used by Kernohan and Sayre15 and Tytus et al. 29 Zilch" proposed a malignancy grading for brain tumors, with which primary meningeal tumors were divided into three, i.e. grade 1 (amitotic or oligomitotic meningioma), grade 3 (polymitotic menin gioma) and grade 4 (sarcoma). Referring to Ziilch's concept, we divided our cases of malignant primary meningeal tumors into two, i.e. sarcoma group and semimalignant group.
In our series of 160 meningeal tumors, two cases of sarcoma and a case of sarcomatous meningioma were filed in sarcoma group, and six cases of angioblastic meningioma of hemangiopericytoma type and a case of menin gotheliomatous meningioma in semimalignant group.
The incidence of malignant meningiomas except for sarcoma was reported in six cases out of 313 by Cushing and Eisenhardt6, in 11 out of 56 by Craig5, and in four out of 37 by Tytus et In our series two meningotheliomatous meningiomas, of which one was sarcomatous and the other semimalignant, constituted 1.3 of the whole series and six angioblastic menin gioma of hemangiopericytoma type 3.8 %.
2) Signs and Symptoms of Malignant Primary Meningeal Tumors
In the clinical aspects the malignant and semimalignant groups showed no particular signs and symptoms other than those of usual benign meningioma group. However, a rapid growth of the tumors in these groups was sug gested by the duration of symptoms before admission, which was 3.2 months in sarcoma group, 13.6 months in semimalignant menin gioma group and 28.5 months in benign menin gioma group respectively. Tytus et al. 29 reported four cases of malignant meningioma with symptoms before admission for three days, three months, 1.5 years and four years re spectively. Pitkethly et al _21 reported the average duration from the first symptoms to the detection of the tumor to be eight months in angioblastic meningioma of hemangio pericytoma type. Raaf et al." reported that the average duration of the symptoms from the onset to surgery was 26 months in 128 cases of all kinds of intracranial meningiomas. Our results are roughly consistent with the others described above.
In our series, the incidence of papilledema was 80% in the malignant and semimalignant groups and 58.5 % in the benign meningioma group. The rate might be related to the fastness of the tumor growth.
3) Radiological Features a) Plain skull X-ray films.
Kernohan and Sayre15 and Simpson25 pointed out that the presence of destruction rather than stimulation of the adjacent skull suggested a malignancy in meningiomas. Tytus et al." reported a lytic skull lesion adjacent to the tumor without evidence of stimulation in a case of malignant meningioma, but normal skull X-rays in three others.
In our series a mild thickening of the skull over the hilus of the tumor was noted only in one case. In the cases of angioblastic menin gioma of hemangiopericytoma type, a worm eaten defect of the skull was noted in a para sagittal tumor and a ballooning of the sella without adjacent bony sclerosis in a sellar tumor. Krusel8 described in his report of hemangiopericytoma of the meninges that the plain skull films showed evidences of the tumor in two cases, but no details were shown. Gul lotta et al. 12 reported that a marked destruction of the skull was present in one case out of six, but the plain skull films allowed no diagnostic conclusion for the presence of hemangio pericytoma of the meninges.
It may be concluded from the findings ob tained so far that in malignant and semimalig nant primary meningeal tumors the osteoplastic changes of the skull in relation to the tumor are none or, if present, only mild, and lytic or destructive changes of the skull are more com mon. b) Angiographic features.
In 1954 Lindgren19 stated that a menin goblastoma might reveal changes of vessels angiographically similar to a malignant glioma and that no other than demonstration of blood supply from the external carotid artery to the tumor could serve with certainty for distinguish ing the tumor from a malignant glioma. A difficulty in distinguishing some meningiomas from glioblastoma by cerebral angiography is still stressed'.
In most cases of our series (6 out of 10) a characteristic angiographic feature was an increased vascularity of the intracerebral ar teries feeding the tumor. The phenomenon might be interpreted in some cases as a result of invasive growth of the tumor into the brain, which elicited an increase of vascular connec tion from the intracerebral vessels. Such an increase of vasculature adjacent to the invasive part of the tumor was confirmed in a histologi cal specimen of Case 10.
As for angioblastic meningioma of heman giopericytoma type, we reported a marked blood supply from the intracerebral arteries into the tumor in 197111. However, it is not simply understood that the pronounced feeding by the intracerebral arteries in angioblastic meningioma of hemangiopericytoma type im plies the invasive growth of the tumor, because most of the tumors of this type are not invasive against the brain. More detailed analysis should be done for the interpretation.
Gullotta et al." reported that tumor vessels of hemangiopericytoma of the meninges ap peared coarser and more irregular in arterial phase than those of usual meningiomas, and that their diffuse tumor stains disappeared earlier in venous phase than usual meningioma stains. Only few detailed descriptions could be found in the literature concerning the angio graphy of hemangiopericytoma of the meninges and further observation should be done for this type of tumor.
4) Treatment and Outcome of Malignant Primary Meningeal Tumors
It is naturally accepted that the extent of tumor removal is the most important prognostic factor in meningiomas6,23,2s Among various subtypes of meningiomas, a trend of more frequent recurrence was reported in atypical (malignant) meningiomas13 and angioblastic meningiomas of hemangiopericytoma type ' 3,26 In our series, recurrence occurred in three cases and probable recurrence in one case, all of which belonged to angioblastic meningioma of hemangiopericytoma type. Two patients of them died seven years and nine years after the first operation respectively. Kruse18 described in his report of hemangiopericytoma of the meninges that six cases out of eight recurred during the period between 1.5 years and 9.5 years. Jellinger et al." described that six cases of intracranial hemangiopericytoma, which were "completely" removed at the first opera tion, received the second operation for the recurrence after an interval from 1.0 to eight years, the average interval being 4.0 years. Blackwinkel et al." reported that hemangio pericytoma of the central nervous system recur red in 12 cases out of 15 (80 %), but the peak incidence of recurrence was over five years. In spite of the high recurrence rate, approxi mately half or more than half of patients with angioblastic meningioma of hemangioperi citoma type survived over five years after the first operation13, 18, 26 Atypical (malignant) meningioma other than hemangiopericytoma, according to Jellinger et al.", showed the shortest interval between the first and second operations, the average interval being 1.5 years. Both of our two cases of meningotheliomatous meningioma, one clas sified as semimalignant and the other as sarcomatous, have shown no recurrence so far, but the follow-up period is not sufficient to render proper evaluation.
In the sarcoma group, the case of reticulum cell sarcoma arising from the tentorium is peculiar, because cases of long survival are quite rare in the literature16,23,24,3o In this case, it seems reasonable to conclude that the tumor was still so circumscribed as to be well removed and that postoperative irradiation had a good effect on the tumor, even if it had not been completely removed.
For supplemental treatment of meningeal tumors with malignancy, irradiation draws special attention. It is generally accepted that in usual meningiomas irradiation plays no role 23,25. King et al." reported that irradia tion had some effect on angioblastic and sarcomatous meningiomas, but had no effect on meningioma as a whole. Tytus et al. 29 indicated possible effectiveness of postoperative irradiation on meningiomas of low-grade malignancy. For angioblastic meningioma of hemangiopericytoma type, an effect of irradia tion is also still controversial. In our series, irradiation brought about some improvement in visual disturbances in two cases, but was not curative after all. Considering also the results for hemangiopericytoma in other or gans4, 8, 9, 10, 14, 20 , it is probably the fact that irradiation may play a role in palliation in some cases, but it is not curative for the tumor.
Thus, removal of tumor as radical as possible seems essential for the prognosis of malignant meningeal tumors. In distinguishing the malig nant from the benign preoperatively, careful neuroradiological observations could offer great information. In case of suspicious malig nant meningeal tumor, surgical tactics should be to remove the tumor radically in its true sense.
